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Procedures I and IL Surprisingly, it is seen from Table I that despite the presence 
of both surfactant and lithium salt in this composition at the same level as in 
Example 10, both the surface resistivities and charge dissipation times remained 
too high to qualify this ceramer as antistatic. At 21% and 30% R.H. the coatings 

5 were not antistatic, while at 38% R.H. the surface resistivity was 2 x 10^^ 

ohm/square (compared to 5 x 10^° ohm/square at 38% R.H for Example 11). In 
addition, the charge dissipation times at 21% and 30% R.H. for this coating were 
infinite, while at 38% R.H. the observed charge dissipation time was 14.6 seconds 
(compared to 0.5 seconds for Example 1 1). 

10 

Example 14; 

This example illustrates the typical chemical preparation, coating and 
curing of a ceramer hardcoat derived from an alkaline silica sol but lacking a 
surface treatment agent. 

IS In a round-bottom flask 1 mixed 60 g Nalco 2327 alkaline silica sol and 

47.6 g N,N-dimethyl acrylamide. Water was extracted using a Buchi Model 121 
Rotavapor set a water-bath temperature of 60*^C and a vacuum level of 90 Torr. 
When all the water was extracted, 20.3 g pentaerythritol triacrylate were added to 
the flask to obtain a crystal clear dispersion. Next, 4 g of this dispersion were 

20 added to 21 g isopropyl alcohol and 0.16 g Irgacure photoiniator to result in a 16% 
dispersion in isopropanol. This 16% dispersion was coated on polyester sheets and 
subsequently cured in exactly the same fashion as in Example 2. The cured 
coatings were optically clear to the naked eye. The average percent haze of the 
coated sheets was 1.2%. 

25 Samples of the cured coating were conditioned to 21%, 30% and 38% 

relative humidity for 3 hours. In all three cases the charge dissipation times for the 

coatings were infinite, and the surface resistivities exceeded 6x10*^ ohm/square. 
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Examol 15; 

This example illustrates the effect of adding both a polyalkelene oxide 
surfactant and perfluorinated lithium salt LiSOjCFj on the properties of the cured 

5 ceramet of Example 14, 

To 22.5 g of the 16% dispersion of Example 14 were added with vigorous 
agitation 03 g of a 16% solution of DOW CORNING 57 surfactant additive, next, 
0.6 g of a 16% solution of lithium trifluoromethanesulfonate (LiSO^CF^) were 
added dropwise. The resulting dispersion turned milky white and the silica sol 

10 particles precipitated out of the dispersion to form a white paste at the bottom of 
the flask. No amount of added deionized water caused the precipitated silica to 
redisperse back in the liquid phase* Coatings of this milky white dispersion on 
polyester film according to the procedure of Example 2 resulted in an optically 
unacceptable hazy coating with imacceptable rough texture. The average percent 

1 5 haze of the coated sheets was 1 6.2. 

Example 16; 

This example illustrates the antistatic properties of a ceramer hardcoat 
derived from alkaline silica sol and comprising a glycidoxy-terminated coupling 
20 agent 

In a round-bottom glass flask I mixed 119 g Nalco 2327 silica sol, 12 g 
3-glycidoxypropyltrimethoxysilane (Aldrich), 12 g N,N-dunethyl acrylamide, and 
76.1 g pentaerythritol triacrylate. Water was extracted fcom this whitish mixture 

using a Buchi Rotavapor at a water-bath temperature of 55^C. The dispersion 
25 (residual liquid) turned crystal clear when all the water was extracted. This 
residual liquid weighed 146 g. I prepared a 16% dispersion of this ceramer in 
isopropanol by adding 4 g of this dispersion to 24 g isopropanol and 0.14 g 
Irgacure 184 photoinitiator. This 16% dispersion was coated on polyester sheets 
and subsequently cured in exactly the same fashion as in Example 2. The resulting 
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cured coating on the polyester sheets was optically clear to the naked eye. The 
average percent haze of the coated sheets was 1.1. 

Samples of the cured coating were conditioned to 21%, 30% and 38% 
relative humidity and their surface resistivity measured according to Test 
5 Procedures I and II. It was found that at all three humidity levels the surface 

resistivity exceeded 6x10^^ ohm/square, which is the upper limit of measurement 
of the instrument used in this study. Moreover, the observed charge dissipation 
times at all three humidity levels were infinite. The coating of this example was 
therefore judged not antistatic. 

10 

Example 17: 

This example illustrates the antistatic properties of the coating of Example 
16 when both polyalkelene oxide surfactant and perfluorinated lithium salt 
LiSOjCFj are added to the composition. 

IS To 22.S g of the 16% ceramer dispersion of Example IS were added with 

vigorous agitation 0.6 g of a 16% solution of lithium trifluoromethanesulfonate 
(LiS03CF3) and 0.3 g of a 16% solution of DOW CORNING S7 surfactant 
additive. The resulting crystal clear dispersion was coated and cured on polyester 
sheets in exactly the same fashion as in Example 2. The resulting cured coating on 

20 the polyester sheets was optically clear to the naked eye. The average percent haze 
of the coated sheets was l.l . 

Samples of the cured coating were conditioned to 21%, 30% and 38% 
relative himiidity and their antistatic properties measured according to Test 
Procedures I and II. It is seen from Table I that the observed surface resistivities 

2S and charge dissipation times at all three humidity levels have dropped significantly 
compared to the values observed in Example 16 and are in fact almost identical to 
the values observed in Example 3, indicating that the presence of a surface 
treatment agent significantly affects the antistatic properties of a cured ceramer 
coating. 

30 
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These examples illustrate the effect of added conventional antistatic salts on 
the properties of ceramer dispersions: 



Example 18 

5 LiBF^: In a glass jar I mixed 12.3 g of the 16% ceramer dispersion of 

Example 2 with 0.2 g lithium tetrafluoroborate LiBF^ (an antistatic salt used in the 
prior art, such as U.S. Pat. No. 4,582,781). It was found that the LiBF^ powder 
precipitated immediately to the bottom of the jar and remained indefinitely 
insoluble in the ceramer dispersion. The addition of 2 g deionized water to this 
10 inhomogeneous mixture did not cause the salt to dissolve. After 24 hours of the 
salt addition, the liquid phase of this inhomogeneous mixture was filtered through 
No. 54 Whatman filter paper and coated and cured on polyester sheets following 
the procedure of Example 2. The cured coating appeared to be optically clear to 
the naked eye. The average percent haze of the coated sheets was 1 .7%. 
15 Samples of the cured coating were conditioned to 21%, 30% and 38% 

relative humidity and their surface resistivity measured according to Test 
Procedures I and 11. It was found that at all three humidity levels the surface 
resistivity exceeded 6x10*^ ohm/square, which is the upper limit of measurement 
of the instrument used in this study. Moreover, the charge dissipation times at all 
20 three humidity levels were infinite. The coating of this example was therefore 
judged not antistatic. 

Example 19 

KlCgFj^SOJ: In a glass jar I mixed 13.7 g of the 16% ceramer dispersion 
25 of Example 2 with 0.33 g of potassium perfluorinated octylsulfonate K[CgF^^S03] 
(available under the trade name FC95 firom 3M, St. Paul, MN). Upon addition of 
this salt, the previously clear ceramer dispersion turned white and the silica 
precipitated out of the dispersion, forming a pasty, whitish residue at the bottom of 
the flask. The addition of deionized water to this inhomogeneous mixture did not 
30 cause the precipitated silica to redisperse in the milky white liquid phase. It was 



-46- 



wo 99/02611 PCT/US98/14213 

concluded in this experiment that K[CgFj^S03] (an antistatic salt used in the prior 
art, such as U.S. Pat. No. 4,582,781) is not a suitable antistatic additive for the 
ceramer composition of this invention as it caused it to loose its chemical stability. 



5 Example 20 

LiCO^CH^: In a glass flask I mixed 13.S g of die 16% ceramer dispersion 
of Example 2 and 0.25 g lithium acetate (Aldrich) and 2 g deionized water. After a 
48 hour period, the lithium acetate powder dissolved completely in the ceramer 
dispersion which remained optically clear. Aliquots of this dispersion were coated 

10 on polyester sheets using a #9 Myer rod as described in the coating procedure of 
Example 2. However, when the wet coatings were dried in the forced air oven at 
6Q^C, a white precipitate formed in the coating and resulted in an unacceptable 
granular pattern on the polyester substrate indicative of the flocculation of the 
silica. It was concluded in this experiment that lithium acetate is not a suitable 

1 5 antistatic additive for the ceramer composition of this invention. 



Example 21 

NaSO^(CHj)j,CH3: In a glass flask containing 22.5 g of the 16% ceramer 
dispersion of Example 2, 1 added dropwise 0.6 g of a 16% solution of sodium lauryl 

20 sulfate sah in deionized water. Addition of the aqueous sodium la\iryl sulfate salt, 
however, caused instant flocculation of the silica and its precipitation to the bottom of 
the holding flask where it formed an intractable paste. Subsequent coating of this 
inhomogeneous mixture on polyester resuhed in a whitish inhomogeneous film. It 
was concluded in this experiment that sodium lauryl sulfate is not a suitable antistatic 

25 additive for the ceramer composition of this invention. 

Example 22 

This Example illustrates the antistatic properties of a ceramer wherein the 
curable organic phase is derived from an organofimctional silane monomer. 
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In glass flask containing 25 g Nalco 2327 silica sol I added dropwise and with 
vigorous mixing, 21 g methyl triethoxysilane (Aldrich). The mixture turned 
completely homogeneous and transparent after 48 hours of mixing at 23^C, To this 
homogeneous dispersion I added 0.5 g LiN(S02CF3)2 and 0.8 g of a 50% solution of 

5 ZONYL FSN surfactant in isopropanol. The resulting mixture remained perfectly 
clear. Next, samples of this mixture were coated on polyester sheets using a #9 Myer 
rod and the coated sheets placed in a forced air oven at 99^C for 20 minutes. The 
resultant hardcoat was transparent, reading M% haze at 23 °C. The hardcoated sheets 
were conditioned for 3 hours at 30% and 38% relative humidity and their antistatic 

10 property measured as in Test Procedures I and IL As shown in Table I, the coatings 
exhibited excellent surface resistivity and charge dissipation times under both 
conditions. 



Table I 

15 









CDTfsec.^ 


Haze.f%^ 


Note 


Example 


21% 


30% 


38% 


21% 


30% 


38% 






1 


>6xl0^3 


>6xl0l3 


>6xl0^3 


00 


OD 


00 


0.3 


bare PET 


2 


>6xl0l3 


>6xl0^^ 


>6xl0l^ 


00 


00 


00 


0.7 


Control 


3 


4x10^1 


1.9x10^1 


6xl0l0 


1.54 


0.8 


0.6 


1.4 


Invention 


4 


7xl0ll 


2x10^1 


2x10^0 


2.3 


0.9 


0.6 


1.3 


Invention 


5 




3x10^1 


1.8x10^0* 




0.4 


0.2* 


1.3 


Invention 


6 


4x10^1 


7xl0ll 


3x10^^ 


4.24 


2.55 


1.6 


0.9 


Invention 


7 


2x10^2 


7x10^' 


SxlO^l 


4.62 


2.90 


1.9 


0.9 


Invention 


8 


>6xl0^3 


>6xl0^? 


>6xl0l3 


00 


00 


00 


1.2 


Control 


9 


>6xl0J^ 


>6xl0l3 


>6xl0J3 


00 


00 


00 


1.0 


Control 


10 


>6xl0l5 


>6xlOl3 


>6xlOl3 


00 


00 


00 


1.2 


Control 


n 


4x10^^ 


7.3xl0^^> 


5,0x10^0 


1.6 


0.6 


0.5 


1.4 


Invention 


12 


>6xl0l^ 


>6xlOl3 


>6xl0^3 


00 


00 


00 


1.2 


Control 


13 


>6xl0l^ 


>6xl0i3 


2x10^3 


00 


00 


14.6 


1.5 


Control 


14 


>6xlOl3 


>6xl0l3 


>6xlOl3 


00 


00 


00 


1.2 


Control 


. 15 


N/A** 


N/A 


N/A 


N/A 


N/A 


N/A 


16.2 


Control 


16 


>6xl0l3 


>6xlOl3 


>6x]0l3 


00 


00 


00 


1.1 


Control 


17 


5.8x10^^ 


1.9x10^^ 


6x10^0 


1.54 


0.8 


0.6 


1.1 


Invention 


18 


>6xl0^3 


>6xl0^3 


>6xl0l3 


00 


00 


00 


1.7 


Control 


19 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Control 
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20 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Control 


21 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Control 


22 




6x10^^ 


4x10^^ 




2.6 


1.8 


1.1 


Invention 



* Readbgs taken at 5 1%R.H. and 23^C. 



* * N/A (Not Applicable) refers to experimental examples where the addition of 
antistatic salt and/or surfactant led to the flocculatton and precipitation of the silica 
particles from the previously stable dispersion. 
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1 . A cured, antistatic, ceramer coating, comprising: 
(a) a polymeric matrix; 

5 (b) a plurality of surface treated, colloidal inorganic oxide 

particles interspersed in the matrix, wherein the colloidal inorganic oxide particles 
have a negative surface charge; 

(c) an antistatic amount of an antistatic agent dispersed in the 
polymeric matrix, wherein the antistatic agent comprises a perfluorinated anion 

1 0 having at least one perfluorinated moiety; and 

(d) an amount of a nonionic surfactant effective to bias the 
perfluorinated moiety to migrate to a surface of the polymeric matrix. 

2. The antistatic coating of claim 1, wherein the composition 
15 comprises 100 parts by weight of the polymeric matrix, 10 to SO parts by weight of 

the surface treated, colloidal, inorganic oxide particles, 0*1 to 10 parts by weight of 
the antistatic agent, and 0.1 to 10 parts by weight of the nonionic surfactant. 

3. The antistatic coating of claim 2, wherein the surface treated, 
20 colloidal, inorganic oxide particles comprise surface treated, colloidal silica. 

4. The antistatic coating of claim 2, wherein the composition fiirther 
comprises a cation corresponding to the negatively surface charged inorganic oxide 
particles, wherein the cation is a quaternary ammonium cationu 

25 

5. The antistatic coating of claim 4, wherein the quaternary ammoniimi 
cation is NH4*. 

6. The antistatic coating of claim 2, wherein the polymeric matrix is 
30 derived from a curable binder component comprising a plurality of free radically 
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curable monomers having an average free radically curable functionality in the 
range from 1.5 to 3. 

7. The antistatic coating of claim 2, wherein the polymeric matrix is 
5 derived from a curable binder component comprising one or more 

organofimctional silane monomers. 

8. The antistatic coating of claim 6, wherein said plurality of free 
radically curable monomers comprises an N,N-disubstituted (meth)acrylamide 

1 0 monomer and at least one multifrmctional (meth)aciylate monomer. 

9. The antistatic coating of claim 8, where the NJ«f-disubstituted 
(meth)acrylamide monomer has the formula: 



15 



o 



H2C=C-C-N 

I \ 2 



wherein R* and are each independently selected from hydrogen, 
an alkyl group optionally having hydroxy, halide, carbonyl, or amido 
fiinctionalities, an alkylene group optionally having carbonyl and amido 
20 functionalities, an alkoxy group, an aryl group, an alkaryl group, and a heteroaryl 
group; with the proviso that only one of R^ and R^ is hydrogen; and R^ is hydrogen, 
or an alkyl group of 1 to 4 carbon atoms. 



10. The antistatic coating of claim 6, wherein the colloidal inorganic 
25 oxide particles are surface treated with a coupling agent comprising a first moiety 
reactive with the colloidal inorganic oxide particles and a second, radiation curable 
moiety copolymerizable with the free radically curable monomers. 
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11. The antistatic coating of claim 10, wherein the colloidal inorganic 
oxide particles comprise silica, and the first reactive moiety is a silane moiety. 



^ 12. The antistatic coating of claim 2, wherein each perfluorinated 

S moiety of the perfluorinated anion comprises no more than 4 carbon atoms. 

13. The antistatic composition of claim 2, wherein the perfluorinated 
anion has the formula: 



Rf-X- SO2" 

10 



wherein is a perfluorinated group of 1 to 4 carbon atoms. 

14. The antistatic coating of claim 13» wherein the coating further 
1 5 comprises a Li^ countercation corresponding to the anion. 

15. The antistatic coating of claim 13, wherein is -CH3. 

16. The antistatic coating of claim 2, wherein the antistatic agent is a 
20 methide salt of the formula: 

so, 

I 

25 Rf-SOj— 

I 

SO, 

I 

30 

wherein each Rf is independently a perfluorinated moiety of 1 to 4 
carbon atoms; and NT is selected firom the group consisting of Na^, Li*, quaternary 
anunonixim, K^, and combinations thereof. 
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formula: 
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The antistatic coating of claim 16, wherein the methide salt has the 



CF, 

5 I 

SO2 
I 

CF3— SO2— C'Li* 
I 

10 SO2 

I 

CF, 

18. The antistatic coating of claim 2, v«^erein the antistatic agent is a 
1 5 methide salt of the formula: 

Rf cr — soj — Rf 

wherein is a monovalent perfluorinated moiety of 1 to 4 carbon 
20 atoms; R'f is a divalent perfluorinated moiety; and M"" is selected jfrom the group 
consisting of Na"", Li*", quaternary ammonium, K^, and combinations thereof. 

19. The antistatic coating of claim 18, wherein M"" is Li*, is -CF3, and 
R^is-CFjCFj-. 

25 

20. The antistatic coating of clahn 2, wherein the antistatic agent is an 
imide salt of the formula: 



Rf-SOi ^ 

/ 

Rf - SO2 
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wherein each is independently a perfluoro moiety of 1 to 4 
carbon atoms; and is selected from the group consisting of Na*, Li*, quaternary 
ammonium, K*^, and combinations thereof. 



5 21. The antistatic coating of claim 20, wherein each is selected from 

-CFjand-CjFs. 

22. The antistatic coating of claim 20, wherein M"" is Li"". 

10 23. The antistatic coating of claim 2, wherein the antistatic agent is a 

methide salt of the formula: 

R'f N^M* 



15 wherein RV is a divalent perfluorinated moiety of 1 to 4 carbon 

atoms; and is selected from the group consisting of Na*", Li*, quaternary 
anunonium, K% and combinations thereof. 

24. The antistatic coating of claim 23, wherein R'f is selected from 
20 -CFjCFr and -CFjCFjCFr. 

25. The antistatic coating of claim 23, wherein is Li*. 

26. The antistatic coating of claim 7, wherein the nonionic surfactant 
25 comprises a polyalkylene oxide moiety and a surface active moiety substantially 

insoluble in the free radically curable monomers. 
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27. The antistatic coating of claim 26, wherein the insoluble surface 
active moiety is selected from a perfluorinated moiety, a hydrocarbon moiety, and 
a polysiloxane moiety. 

5 28. A radiation curable, coatable, antistatic ceramer composition 

comprising: 

(a) a curable binder component; 

(b) a plurality of surface treated, colloidal inorganic oxide 
particles having a negative surface charge; 

10 (c) an antistatic amount of an antistatic agent dispersed in the 

polymeric matrix, wherein the antistatic agent comprises a perfluorinated anion 
comprising at least one perfluorinated moiety; and 

(d) an amount of a nonionic surfactant effective to bias the 
perfluorinated moiety to migrate to a surface of the composition, 

15 

29. The ceramer composition of claim 28, wherein the composition 
comprises 100 parts by weight of the curable binder component, 10 to SO parts by 
weight of the surface treated, colloidal, inorganic oxide particles, 0.1 to 10 parts by 
weight of the antistatic agent, and 0.1 to 10 parts by weight of the nonionic 

20 surfactant. 

30. The ceramer composition of claim 29, wherein the surface treated, 
colloidal, inorganic oxide particles comprise surface treated, colloidal silica. 

25 31. The ceramer composition of claim 30, wherein the composition 

further comprises a cation corresponding to the negatively surface charged 
inorganic oxide particles, wherein the cation is a quaternary ammonium cation. 

32. The ceramer composition of claim 29, wherein said curable bmder 
30 component comprises an N,N-disubstituted (meth)acrylamide monomer and at 
least one multifunctional (meth)acryiate monomer. 
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33. The ceramer composition of claim 29, wherein each perfluorinated 
moiety of the perfluorinated anion comprises no more than 4 carbon atoms. 

34. The antistatic composition of claim 29, wherein the perfluorinated 
5 anion has the formula: 

Rf- SOj" 

wherein Rf is a perfluorinated group of 1 to 4 carbon atoms. 

10 35. The antistatic coating of claim 34, wherein the coating further 

comprises a Li^ countercation corresponding to the perfluorinated anion. 

36. The ceramer composition of claim 34, wherein Rf is -CFj. 

15 37. The ceramer composition of claim 29, wherein the anion has the 

formula: 

20 SOj 

I 

CF,— SO,— cir 
1 

25 I 

CF3 

38. The coramer composition of claim 29, wherein the antistatic agent is 
an imide salt of the fonnula: 

30 

Rf-S02 ^ 

KM* 

/ 

Rf-SOj 
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wherein each is independently a perfluoro moiety of I to 4 
carbon atoms; and M"" is selected from the group consisting of Na"", Li*, quaternary 
ammonium, K*, and combinations thereof. 

5 39. The ceramer composition of claim 38, wherein each is selected 

from -CF3 and CjFj. 

40. The ceramer composition of claun 38, wherein M* is Li*. 

10 41, The ceramer composition of claim 29, wherein the nonionic 

surfactant comprises a polyalkylene oxide moiety and a surface active moiety 
substantially insoluble in the free radically curable monomers. 

42. A method of providing a polymeric substrate with a protective, 
15 antistatic, ceramer coating comprising the steps of: 

(a) coating an admixture onto the polymeric substrate, wherein 
the admixture is a coatable ceramer composition comprising a plurality of surface 
treated, colloidal inorganic oxide particles having a negative surface charge, a 
curable binder component, a perfluorinated anion, and an amount of a nonionic 

20 surfactant effective to bias the perfluorinated moiety to migrate lovfard a surface of 
the admixture; and 

(b) curing the binder component. 

43. The method of claim 42, wherein the admixture fturther comprises 
25 an amotmt of a solvent sufficient to provide the admixture with a coatable 

viscosity, and the method further comprises the step of substantially drying the 
coated substrate before the curing step. 

44. The method of claim 42, wherein the coatable admixture fiirther 
30 comprises a quaternary ammonium cation corresponding to the negatively charged 

surface treated, colloidal inorganic oxide particles. 
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45. The method of claim 42, wherein the composition comprises 100 
parts by weight of the binder component, 10 to 50 parts by weight of the surface 
treated, colloidal, inorganic oxide particles, 0.1 to 10 parts by weight of the 
antistatic agent, and 0.1 to 10 parts by weight of the nonionic surfactant. 

5 

46. The method of claim 45, wherein the surface treated, colloidal, 
inorganic oxide particles comprise surface treated, colloidal silica. 

47. The method of claim 45, wherein the composition further comprises 
10 a cation corresponding to the negatively surface charged inorganic oxide particles, 

wherein the cation is NH/. 

48. The method of claim 45, wherein each perfluorinated moiety of the 
perfluorinated anion comprises no more than 4 carbon atoms. 

15 

49. The antistatic coating of claim 48, wherein the coating further 
comprises a Li^ countercation corresponding to the perfluorinated anion. 

50. A composite structure, comprising 

20 (a) a polymeric substrate having a coatable surface; 

(b) an antistatic ceramer coating provided on the coatable 
surface, wherein the coating comprises 

(i) a polymeric matrix; 

(ii) a plurality of surface treated, colloidal inorganic oxide 
25 particles interspersed in the matrix, wherein the colloidal inorganic oxide particles 

have a negative surface charge; 

(iii) an antistatic amount of an antistatic agent dispersed in the 
polymeric matrix, wherein the antistatic agent comprises a perfluorinated anion 
having at least one perfluorinated moiety; and 

30 (iv) an amount of a nonionic surfactant effective to bias the 

perfluorinated moiety to migrate to a surface of the polymeric matrix. 
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51. The composite structure of claim 50, wherein the composition 
comprises 100 parts by weight of the polymeric matrix, 10 to 50 parts by weight of 
the surface treated, colloidal, inorganic oxide particles, 0.1 to 10 parts by weight of 
the antistatic agent, and 0.1 to 10 parts by weight of the nonionic surfactant. 

5 

52. The composite structure of claim 51, wherein the sur&ce treated, 
colloidal, inorganic oxide particles comprise surface treated, colloidal silica. 

53. The composite structure of claim 51, wherein the composition 
10 further comprises a cation corresponding to the negatively surface charged 

inorganic oxide particles, wherein the cation is a quaternary anunonium cation. 

54. The composite structure of claim 53, wherein the quaternary 
ammonium cation is NH/. 

15 

55. The composite structure of claim 51, wherein each perfluorinated 
moiety of the perfluorinated anion comprises no more than 4 carbon atoms. 
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of such moieties include perfluorinated moieties having a sufficient number of 
carbon atoms, e.g., 5 or more, so as to be insoluble in the curable binder, a 
polysiloxane moiety, a hydrocarbon moiety having 8 to 20 carbon atoms, 
combinations of these, and the like. 
5 Examples of nonionic surfactants incorporating a polyalkylene oxide and an 

insoluble perfluorinated moiety (nonionic perfluoro surfactant) may be represented 
by the following formula: 

Rf — X-{-CHCHC>hR 

10 

wherein Rf includes a perfluorinated moiety such as a perfluoroalkyl group, a 
perfluoroalkylene group, a perfluorocycloalkyl group, a perfluoroalkoxy group, 
and a perfluorocycloalkylene group having from 5 to 16 carbon atoms, X can be 
any divalent linking group such as — O— , — SOjNR'-, — CONR^— , — CHjO— , 

15 or a single bond; R, R\ R\ R\ and R^ are, independently, hydrogen or a lower 
alkyl of from 1 to 4 carbon atoms; and y is a number from 6 to 60, preferably 6 to 
30. A particularly preferred class of nonionic perfluoro surfactants is the ZONYL 
family of surfactants available irom E.I. duPont de Nemours and Company under 
the designations 'TSN", "FSO", "FSP", "VR", and the like. Other useful nonionic 

20 perfluoro surfactants are listed below: 

CeFi J — O -f- CH2CH2O C3H7 

C«F,5 — O-f- CH2CH204^ CH3 

C7F,5 — CHjO-f CH2CH2O CH3 

8 

C9F,7 — O -(- CH2CH2O ^^CH3 
C8F,7-(-CH2CH20-^C4H9 

16 

CjFis -{-CH2CH20-)^C4H9 
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SO2-CF2 



SO2 



C 

\ 



SQj-CFj 



C3F7— SQ2 



sq— CF, 

Q3F7— SO2 — C ^CFj 



CF2-sa 

\ T •+ 

CF2-SQ 



sq— CF2 



\ 

CF2- 



■SQ 

N 
/ 
■SQ 



If 



10 The ceramer compositions of the present invention further incorporate a 

nonionic surfactant. Preferred nonionic surfactants comprise both a surface active 
moiety which is insoluble in the curable binder component as well as a 
polyalkylene oxide moiety. Generally, the polyalkylene oxide moiety contains a 
plurality of repeating units of the formula -(R^O)-, wherein each -R^O- is 

15 independently a divalent alkylene oxide moiety of 1 to 6, preferably 1 to 3 carbon 
atoms. Examples of such moieties include methylene oxide, ethylene oxide, 
propylene oxide, combinations of these, and the like. Preferably, such repeating 
xmits comprise ethylene oxide, -CHjCHjO-, as a repeating unit in that a 
polyalkylene oxide moiety, including ethylene moieties is an extremely effective 

20 solvent for the counter cations, especially Li", of the perfluorinated anion. 
Desirably, the nonionic surfactant includes 6 to 60 of such repeating units. 

The insoluble moiety of the nonionic surfactant may be any moiety which 
is sufficiently insoluble in the curable binder component such that the moiety tends 
to seek out the surface of the curable binder component. Representative examples 
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wherein each is independently a monovalent perfluorinated moiety of 1 to 4 
carbon atoms; each R'f is independently a divalent perfluorinated group; each X is 
independently a divalent linking group such as oxygen or a single bond; and each NT 
is independently selected from Na*, K*, Li*, quaternary ammonium such as NH4% 
5 combinationsof these, and the like. Preferably, each R, is CF,-, each K\ is -CFjCFj- 
or -CF2CF2CF2-, and each M is Li*. A description of perfluorinated sulfonyl 
containing salts and their synthesis can be found in U.S. Pat. Nos. 4,505,997, 
5,021,308, 5,072,040, 5,162,177, and 5,273,840. 



Specific examples of perfluoroalkyl sulfonates, perfluoroalkylsulfonyl 



10 imides or perfluoroalkylsulfonyl methides including Li*" cations are illustrated 
below. However, the present invention is not limited to the following examples: 



LiOSOiCFj 



15 



LiOSOjCFjCF, 



LiOSOzCF^CFjCFj 



CFj— SOj— N— SO2— CF3 Li* 



20 



CFj— SO2— C— SO2— CFj Li* 



SO2— CFj 



25 



CjFj— SO2— N--SO2— CF3 Li* 



CjFr— SO2— C— SO2— C3F7 Li 



SO2— C3F7 



30 



C3F7— SO2— C— SO2— C2FJ Li* 



SO2— CiFj 



35 



C3F7— SO2— N-— SO2— CjF, Li* 



C2F5— SO2— N— SO2— CjFj Li* 
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faster than salts including one of the other cations. Such salts are also much more 
compatible with other ingredients of the composition. 

One class of salts of a perfluorinated anion found to be particularly suitable in 
the practice of the present invention comprises perfluorinated sulfonyl containing 
5 salts. Perfluorinated sulfonyl containing salts may be represented by compounds of 
the following formulae: 

Rf-X-S02*M'' 

Rf-X-S02^ 
Rf-X-SOj'^ 



x-so, 

Rf N-M* 
I / 
X - SO2 ' 



X 

I 

so, 

I 

Rf-X-SOj-CM* 



SO2 
I 

X 

I 

Rf 



X-SOjv 

1. \- 

R'f C-SOz-X-Rf 
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trialkoxysilane, perfluoromethyl alkyl trialkoxy silane, perfluoro alkyl 
trichlorosilane,and mixtures thereof. 

Although any surface treatment agent may be used, it is preferred that the 
colloidal inorganic oxide particles are surface treated with a coupling agent such that 

S the colloids are (meth)acrylate functionalized in those embodiments in which the 
curable binder component is radiation curable. Advantageously, the functionalized 
particles can copolymerize with the radiation curable binder component when the 
ceramer composition is exposed to a curing dosage of radiation such as heat, visible 
light, ultraviolet light, or electron beam radiation. Typically, in the case of colloidal 

1 0 silica particles, the silica particles are functionalized by adding a silyl(meth)acrylate 
to an aqueous sol of colloidal silica. Examples of preparing acrylate functionalized 
colloidal silica are described in U.S. Patent Nos. 4,491,508 and 4,455,205 to Olsen et 
al.; U.S. Patent Nos. 4,478,876 and 4,486,504 to Chung; and U.S. Patent No. 
5,258,225 to iCatsamberis. 

15 Generally, the antistatic agent comprises a salt of a perfluorinated anion 

comprising at least one perfluorinated moiety such as a perfluoralkyl, 
perfluoroalkoxy, and/or perfluoroalkylene moiety. The size of the perfluoro moiety 
or moieties, as the case may be, may dramatically affect the performance of the 
antistatic agent. Preferably, therefore, each perfluorinated moiety of the 

20 perfluorinated anion includes no more than 1 to 4 carbon atoms to ensure that the 
anion does not destabilize the colloids and cause flocculation. Examples of such 
compact monovalent and divalent perfluorinated moieties include CF3-, CF3CF2-, - 
CF2CF2-, -CF2CF2CF2-, CF3O-, combinations of these, and the like. Most preferably, 
any perfluoroalkyl moiety is CF3-, any perfluoroalkoxy moiety is CF3O-, and any 

25 perfluoroalkylencmoiety is -CFj- or -CFjCFj-. 

The salt of the perfluorinated anion further comprises a countercation 
effective to neutralize the negative electrical charge associated with the anion. 
Examples of suitable countercations include Na^, K% Li", quaternary ammonium 
such as NH4*, combinations of these, and the like. Preferably, the cation is Li'' in that 

30 salts including Li" as the countercation help dissipate static charges substantially 
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with the surface treated charged colloids. Salts of perfluorinated anions can be used 
with surface treated charged colloids without causing flocculation, especially when 
the perfluorinated moieties of the salts are sufficiently compact such that the 
perfluorinated moieties of the salts are soluble in the curable binder component. In 
5 contrast, if the perfluoro moieties are too big, then flocculation may occur and the 
ceramer composition could, as a result, lose its desired optical and rheological 
properties. Particularly, optical clarity and low viscosity characteristics could be 
adversely affected. Also, an oily film may form on the surface of the resultant 
coating. 

10 While not wishing to be bound by theory, it is believed that surface treatment 

of the colloidal inorganic oxide particles enhances the dispersibility of the particles in 
ceramer compositions because, in practical effect, the surface treatment coats the 
particle surfaces, thereby protecting those surfaces and adding steric bulk (i.e., a 
spacing layer) around the particles. Surface treatment thus makes it more difficult for 
15 the antistatic agent to adversely interact with the particles. Surface treatment 
generally involves reacting a sol containing the colloidal particles with a surface 
treatment agent such that the surface treatment agent interacts with and bonds to the 
surfaces of the particles. This procedure will be described and illustrated below, 
particularly in the Examples. 
20 Any surface treatment agent capable of mteracting with the surfaces of the 

colloidal inorganic oxide particles may be used with beneficial results. Preferred 
surface treatment agents are hydrolyzable organofunctional silane compounds. Such 
compounds are also referred to as "silane coupling agents''. Examples of silane 
coupling agents suitable for this invention include acryloxyalkyl trimethoxysilane, 
25 methaciyloxyalkyl trimethoxysilane, (meth)acryloxyalkyl triethoxysilane, 
(meth)acryloxyalkyltrichlorosilane, phenyl trichlorosilane, phenyl trimethoxysilane, 
phenyl triethoxysilane, vinyl trimethoxysilane, vmyl triethoxysilane, vinyl 
trichlorosilane, methyl trimethoxysilane, methyl triethoxysilane, propyl 
trimethoxysilane, propyl triethoxysilane, glycidoxyalkyl trimethoxysilane, 
30 glycidoxyalkyl triethoxysilane, glycidoxyalkyl trichlorosilane, perfluoro alkyl 
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interspersed throughout the interior volume of the coating, provide not only surface 
channels, but also internal channels for dissipating static charges. 

Generally, a negative surface charge is provided by using a sol having an 
appropriate pH. For example, in those embodiments of the invention in which the 

5 colloidal inorganic oxide particles are silica or tin oxide derived from an aqueous sol, 
a negative surface charge is assured when the sol has a pH greater than 7, preferably 
greater than 8, and more preferably greater than 9. 

A variety of cations can be used in the sol to counter the negatively surface 
charged colloids. Examples of such cations include Na*, K^, Li*, a quaternary 

10 ammonium cation such as NR^*, wherein each R may be any monovalent moiety, but 
is preferably H or CH3, combinations of these, and the like. Preferably, however, the 
cation is quaternary ammonium such as NH/ in that quaternary ammonium is a 
much better electrical conductor than the other listed cations. Resultant anhydrous 
ceramer compositions including quatemaiy anunonium also tend to be more stable 

1 S over time than compositions including the other cations. Further, coatings prepared 
from compositions including quaternary ammonium as a counter cation for the silica 
particles provide substantially better antistatic protection as compared to coatings 
incorporating the other cations. In preferred embodiments, the improvement is many 
orders of magnitude. Further, ceramer compositions including quaternary 

20 ammonium and a nonaqueous solvent (the preparation of such compositions will be 
described below) tend to have better optical clarity, i.e., higher light transmittance, as 
compared to other cations. To achieve such advantages, NH/, for example, may be 
provided quite easily merely by adding NH4OH to the sol. Advantageously,NH40H 
not only serves as a source of NH4*, but it also helps provide the sol with a basic pH. 

25 The negatively charged, colloidal, inorganic oxide particles tend to be very 

sensitive to other charges in the ceramer composition. Because of this sensitivity, it 
has been very difficult to identify any kind of ionic antistatic agents that can be used 
in combination with the charged colloids without causing the colloids to flocculate. 
It has now been discovered, however, that surface treating the colloids and using an 

30 antistatic agent that is a salt of perfluorinated anions in combination provides a 
system in which the anionic antistatic agent is unexpectedly extremely compatible 
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colloidal particles include water, aqueous alcohol solutions, lower aliphatic alcohols, 
toluene, ethylene glycol, dimethyl acetamide, formamide, and combinations thereof. 
The preferred liquid medium is water. When the colloidal particles are dispersed in 
water, the particles are stabilized on account of common electrical charges on the 

5 surface of each particle. The common electrical charges tend to promote dispersion 
rather than agglomeration, because the similarly charged particles repel one another, 
thereby preventing aggregation. By contrast, in the powder state, such as in fumed 
silica or silica gel, uncharged colloidal particles will agglomerate to form networks 
and (tins will not provide a uniform dispersion of particles when combined with the 

10 organic components of the ceramer compositions. Preferred ceramers are easily 
distinguished from otherwise similar compositions that comprise agglomerated 
colloidal inorganic oxide particles. When the sol-derived colloidal inorganic oxide 
particles in a ceramer are replaced with the same weight fraction of agglomerated 
colloidal inorganic oxide particles, wetted powder results. 

15 Sols useful in the practice of the present invention may be prepared by 

methods well known in the art. Suitable sols are also conunercially available. For 
example, colloidal silicas dispersed as sols in aqueous solutions are conunercially 
available under the tradename '"NALCO" (Nalco Chemical Co., Oak Brook, 111.). 
Examples include NALCO 2327, NALCO 1040, NALCO 1060, NALCO 1030, 

20 NALCO 1 1 15, and the like. 

The colloidal inorganic oxide particles of the present invention are 
characterized as having a negative surface charge, which is balanced by a suitable 
counter cation. Advantageously, negatively charged colloids and the antistatic agent 
described herein are a synergistic combination that provides ceramer coatings with 

25 superior antistatic capabilities. While not wishmg to be boimd by theory, a possible 
rationale to explain the synergy between the negatively surface charged colloids and 
the salts of perfluorinated anions can be suggested. In many of the previously known 
antistatic coatings, channels for dissipating static charge are located primarily on the 
surfaces of such coatings. In contrast, it is believed that the negatively charged 

30 colloids and salts of perfluorinated anions of the present invention, which are 
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pentamethacrylic acid esters of aliphatic pentols such as adonitol; the hexaacrylic 
acid and hexamethacrylic acid esters of hexanols such as sorbitol and 
dipentaerythritol; the diacrylic acid and dimethacrylic acid esters of aromatic diols 
such as resorcinol, pyrocatechol» bisphenol A, and bis(2-hydroxyethyl) phthalate; 

S the trimethacrylic acid ester of aromatic triols such as pyrogalloi, phloroglucinol, 
and 2-phenyl-2,2-methyloIethanol; and the hexaacrylic acid and hexamethacrylic 
acid esters of dihydroxy ethyl hydantoin; and mixtures thereof 

One combination of free radically curable monomers found to be 
particularly suitable in the practice of the present invention for making tough, 

10 abrasion resistant, impact resistant, optically clear antistatic coatings is a 
formulation including about 1 part by weight of a monofunctional NJ^ 
disubstituted (meth)acrylamide (such as N^N-dimethyl (meth)acrylamide) and 
about 6 parts by weight of one or more multifunctional, free radically curable 
monomers (such as an admixture of di, tri, and tetra functional, free radically 

IS curable monomers derived from pentaerythritol and conmiercially available under 
the trade designation "SR444" from Sartomer Co., West Chester, Pennsylvania). 

Colloidal inorganic oxide particles of the present invention are preferably 
non-aggregated particles, desirably substantially spherical in shape, characterized by 
an average particle diameter of about 5 nm to about 1 000 nm, more preferably 1 0 nm 

20 to 50 nm. These size ranges facilitate ease of dispersion of the particles into coatable 
compositions and provide coatings that are smoothly surfaced and optically clear. 
Average particle size of the colloids can be measured using transmission electron 
microscopy to count the number of particles of a given diameter. 

A wide range of colloidal inorganic oxide particles could be used in the 

25 present invention. Representative examples include silica and metal oxides such as 
alumina, tin oxide, iron oxide, zirconia, vanadia, titania, and the like, with silica 
being most preferred. 

The colloidal inorganic oxide particles useful in preparing ceramers for use in 
this invention most desirably are provided as a sol rather than as a powder or a gel. 

30 In the sol state, the colloidal inorganic oxide particles are dispersed in a liquid 
medium. Representative examples of liquid media suitable as dispersants for the 

-14- 



wo 99/02611 PCr/US98/14213 

compounds, corresponding multifunctional isocyanates could be used in place of 
the triisocyanate, respectively. 

A preferred class of multifunctional (meth)acryl functional compounds 
includes one or more multifunctional, ethylenically unsaturated esters of 
5 (meth)acrylic acid and may be represented by the following formula: 



O 




wherein R^* is hydrogen, halogen or a (C,-C4)alkyl group; is a polyvalent organic 
group having m valencies and can be cyclic, branched, or linear, aliphatic, 
10 aromatic, or heterocyclic, having carbon, hydrogen, nitrogen, nonperoxidic 
oxygen, sulfur, or phosphorus atoms; and m is an integer designating the number 
of acrylic or methacrylic groups in the ester and has a value of 2 to 7. Preferably, 
R^ is hydrogen, methyl, or ethyl, R^ has a molecular weight of about 14-100, and m 
has a value of 2-6. More preferably, m has a value of 2-5, most preferably 3-4. 
15 Where a mixture of multifunctional acrylates and/or methacrylates are used, m 
preferably has an average value of about 1 .05 to 3. 

Specific examples of suitable multifunctional ethylenically unsaturated 
esters of (meth)acrylic acid are the polyacrylic acid or polymethacrylic acid esters 
of polyhydric alcohols including, for example, the diacrylic acid and 
20 dimethylaciylic acid ester of aliphatic diols such as ethyleneglycol, 
triethyleneglycol, 2,2-dimethyH,3-propanediol, 1,3-cyclopentanediol, 1-ethoxy- 
2,3-propanediol, 2-methyl-2,4-pentanediol, 1 ,4-cyclohexanediol, 1,6- 
hexamethylenediol, 1,2-cyclohexanediol, 1,6-cyclohexanedimethanol; the triacrylic 
acid and trimethacrylic acid esters of aliphatic triols such as glycerin, 1,2,3- 
25 propanetrimethanol, 1,2,4-butanetriol, 1,2,5-pentanetriol, 1,3,6-hexanetriol, and 
1,5,1 0-decanetriol; the triacrylic acid and trunethacrylic acid esters of 
tris(hydroxyethyl) isocyanurate; the tetraacrylic and tetramethacrylic acid esters of 
aliphatic triols, such as 1,2,3,4-butanetetrol, 1,1,2,2,-tetramethylolethane, 1,1,3,3- 
tetramethylolpropane, and pentaerythritol tetraacrylate; the pentaacrylic acid and 
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commercially available from a number of different suppliers. Alternatively, such 
compounds can be prepared using a variety of well known reaction schemes. For 
example, according to one approach, a (meth)acrylic acid or acyl halide or the like 
is reacted with a poiyol having at least two, preferably 2 to 6, hydroxyl groups. 
5 This approach can be represented by the following schematic reaction scheme 
which, for purposes of illustration, shows the reaction between acrylic acid and a 
triol: 



O 
II 



CH2 = CH2COH+ HO' 



OH 




OH 



CH2-CH2CO 




10 



This reaction scheme as illustrated provides a trifunctional acrylate. To obtain di, 
tetra, penta, or hexa functional compounds, corresponding diol, tetrols, pentols, and 
hexols could be used in place of the triol, respectively. 

IS According to another approach, a hydroxy or amine functional 

(meth)acrylate compound or the like is reacted with a polyisocyanate, or 
isocyanurate, or the like having 2 to 6 NCO groups or the equivalent. This 
approach can be represented by the following schematic reaction scheme which, 
for purposes of illustration, shows the reaction between hydroxyethyl acrylate and 

20 a triisocynate: 

o NCO w 

CH2 = CH2 COCH2CH2OH + ^^^^Jx^ ^ 

OCN NCO W' W 

O 
II 

wherein each W is -^HCCH2 = CH2 yj^jg reaction scheme as illustrated provides a 

25 trifunctional (meth)acrylate. To obtain di, tetra, penta, or hexa functional 
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The N^-disubstituted (meth)acrylamide monomers generally have the 
formula: 

r3 o r' 

ie 

wherein R* and are each independently hydrogen, a (C,-C8)alkyl group (linear, 

5 branched, or cyclic) optionally having hydroxy, halide, carbonyl, and amido 
functionalities, a (C|-C8)alkylene group optionally having carbonyl and amido 
functionalities, a (Cj-CJalkoxymethyl group, a (C4-C,8)aryl group, a (C,-C3)alk(C4- 
C,8)aryl group, or a (C4-C|3)heteroaryl group; with the proviso that only one of R' 
and is hydrogen; and R^ is hydrogen, a halogen, or a methyl group. Preferably, 

10 R' is a (C,-C4)alkyl group; R^ is a (C,-C4)alkyl group; and R^ is hydrogen, or a 
methyl group. R' and R^ can be the same or different. More preferably, each of R' 
and R^ is CH3, and R^ is hydrogen. 

Examples of such suitable (meth)acrylamides are N-(3-bromopropion- 
amidomethyl) acrylamide, N-tert-butylacrylamide, N,N-dimethylacrylamide, 

1 5 N,N-diethylacrylamide, N-(5,5-dimethylhexyl)acrylamide, N-(l,l -dimethyl-3- 
oxobutyl)acrylamide, N-(hydroxymethyl)acrylamide, 
N-(isobutoxymethyl)acryiamide, N-isopropylacrylamide, N-methylacrylamide, 
N-ethylacrylamide, N-methyl-N-ethylacrylamide, N-(fluoren"2-yl)acrylamide, 
N-(2-fluorenyl)-2-methylacrylamide, 2,3-bis(2-furyl)acrylamide, N,N'-methylene- 

20 bis acrylamide. A particularly preferred (meth)acrylamide is N,N-dimethyl 
(meth)acrylamide. 

Other examples of free radically curable monomers include alkenes such as 
ethene, 1-propene, 1-butene, 2-butene (cis or trans) compounds including an 
allyloxy moiety, and the like. 
25 In addition to the monofunctional free radically curable monomer, any kind 

of multifunctional free radically curable monomers preferably having di, tri, tetra, 
penta, and/or hexa free mdically curable functionality also can be used in the 
present invention. Such multifunctional (meth)acrylate compounds are 
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(meth)acrylate, (meth)acrylonitrile, C-cyanoethyl-(meth)acrylate, 2- 
cyanoethoxyethyl (meth)acrylate, p-cyanostyrene, p-(cyanomethyl)styrene, an ester 
of an a,6-iinsaturated carboxylic acid with a diol, e.g., 2-hydroxyethyl 
(meth)acrylate, or 2-hydroxypropyl (meth)acrylate; l,3-dihydroxypropyl-2- 
5 (meth)acrylate; 2,3-dihydroxypropyH-(meth)acrylate; an adduct of an 
a,6-unsaturated carboxylic acid with caprolactone; an alkanol vinyl ether such as 
2-hydroxyethyl vinyl ether; 4-vinylbenzyl alcohol; aliyl alcohol; p-methylol 
styrene, (meth)acryloyloxyethyl trimethyl ammonium chloride, 
(meth)acrylamidopropyl trimethylammonium chloride, vinylbenzyl 

10 trimethylammonium chloride, 2-hydroxy-3-allyloxypropyl trimethylammonium 
chloride, (meth)acryloyloxypropyl dimethylbenzylammonium chloride, 
dimethylaminoethyl (meth)acrylate, vinylbenzyl trimethylammonium chloride, N- 
(3-sulfopropyl>N-(meth)acryloyloxyethyl-N,N-dimethylanunonium betaine, 2- 
[(meth)acryloyloxy]ethyl trimethylammonium methosulfate, N-(3-su!fopropyl>N- 

15 (meth)acrylamidopropyl-N, N-dimethylammonium betaine, N,N-dimethylamino 
(meth)acrylate, (meth)acryloyloxyethyl acid phosphate, (meth)acrylamidopropyl 
sodium sulfonate, sodium styrene sulfonate, styrene sulfonic acid, (meth)acrylic 
acid, maleic acid, fumaric acid, maleic anhydride, vinyl sulfonic acid, 2- 
(meth)acrylamide-2-methyH-propanesulfonic acid, maleic anhydride, mixtures 

20 thereof, and the like. 

A particularly preferred class of monofunctional free radically curable 
monomers suitable in the practice of the present invention includes one or more 
N,N-disubstituted (meth)acrylamides. Use of an N,N-disubstituted 
(meth)acrylamide provides numerous advantages. For example, the use of this 

25 kind of monomer provides antistatic coatings which show improved adhesion to 
polycarbonate substrates. Further, use of this kind of monomer also provides 
coatings with improved weatherability and toughness. Preferably, the 
N,N-disubstituted (meth)acrylamide has a molecular weight in the range from 99 to 
about 500, preferably from about 99 to about 200, in order to minimize the 

30 tendency, if any, of the morganic oxide particles to flocculate and precipitate out of 
the ceramer composition. 
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which a carbon-carbon double bond is directly or indirectly linked to an aromatic 
ring. Examples of such compounds include styrene, alkylated styrene, alkoxy 
styrene, free radically curable naphthalene, alkylated vinyl naphthalene, alkoxy 
vinyl nephthalene, combinations of these, and the like. Another representative 

5 class of monofunctional, free radially curable monomers includes compounds in 
vMch a carbon-carbon double bond is attached to an cycloaliphatic, heterocyclic, 
and/or aliphatic moiety such as 5-vinyi-2-norbomene, 4-vinyl pyridine, 2-vmyl 
pyridine, l-vinyl-2-pyrrolidinone, 1 -vinyl caprolactam, 1-vinyUmidazole, N-vinyl 
formamide, and the like. 

10 Another representative class of such monofiinctional free radically curable 

monomers include (meth)acrylate functional monomers that incorporate moieties 
of the formula: 

O 

II 

CH2 = CH— C — 
I 

R 

15 

wherein R is a monovalent moiety, such as hydrogen, halogen, methyl, or the like. 
Representative examples of such monomers include (meth)acrylamides, 
chloro(meth)acrylamide, linear, branched, or cycloaliphatic esters of (meth)acrylic 
acid containing from 1 to 20, preferably 1 to 8, carbon atoms, such as methyl 

20 (meth)acrylate, n-butyl (meth)acrylate, t-butyl (meth)acrylate, ethyl (meth)acrylate, 
isopropyl (meth)acrylate, and 2-ethylhexyl (meth)acrylate; vinyl esters of alkanoic 
acids wherein the alkyl moiety of the alkanoic acids contain 2 to 20, preferably 2 to 
4, carbon atoms and may be linear, branched, or cyclic; isobomyl (meth)acrylate; 
vinyl acetate; allyl (meth)acrylate, and the like. 

25 Such (meth)acrylate frmctional monomers may also include other kinds of 

functionality such as hydroxyl functionality, nitrile functionality, epoxy 
functionality, carboxylic functionality, thiol functionality, amine functionality, 
sulfonyl functionality, combinations of these, and the like. Representative 
examples of such free radically curable compounds include glycidyl 
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IONIC LIQUIDS 

This invention relates to novel ionic liquids and to the \ise 
thereof as the reaction medium and catalyst for various chemical 
reactions such as eg producing olefin polymers, especially butene 
polymers from raffinates I and II from a refining process and which 
contain inter alia a mixture of butene-1, butene-2 and iso-butene. 

Ionic liquids are primarily mixtures of salts which melt i elow 
room temperature. Such salt mixtures include aluminii^ halides in 
combination with one or more of imidazolium halides, pyridinium 
halides or phosphoniun halides and the latter being preferably 
substituted. Examples of the latter include one or more of 
1 -methyl -3 -butyl imidazolium halides, 1-butyl pyridinium halide and 
tetrabutyl phosphonium halides. 

It is known to \ise these ionic liquids as solvents and as 
catalysts for eg the dimerization and /or oligomerization of olefins 
such as ethylene, propylene, butene-1 and/or butene-2 and for the 
alkylation of benzene using alkyl halides. In this context Jeffrey A ' 
Boon et al states in an article in the Journal of Organic Chemistry, 
Vol 51, 1986. pp 480-483 that: 

"Completely ionic liquids are not the usual solvent for organic 
reactions. Most ionic liquids are liquid only at high temperatures 
and offer little advantage over the more commonly used aqueous or 
organic media. Most work on organic reactions in molten salts have 
employed eutectic mixtures, but they still require temperatures above 
200''C." 

This article further goes on to state that: 
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"Numerous other substituted imidazolium and pyridinium 
chlorides form molten salts with aluminium chloride but do not 
possess the favourable physical properties we sought for this 
investigation. 

5 Prom the above, it is clear that not all ionic liquids possess 

the properties desirable for specific reactions in which they are to 
be used and that the choice of specific ionic liquids for a given 
reaction is far from straightforward. 

A further article by Yves Chauvin et al in J Chem Soc, Chem 
10 Comm. 1990, pp 1715-1716 also emphasises this point. In this 

article, the authors intend to carry out catalytic dimerization of 
alkenes by nickel complexes in organochloroaluminate molten salts to 
the exclusion of all other products. Moreover, the authors state 
that: 

15 "However, it seems that no attempt has been made to take 

advantage of the solubility of the organometallic catalyst and the 

insolubility of the reaction products of the catalytic reaction in 

these solvents." 

The authors add that: 
20 "In the absence of any nickel complex, acidic melts catalyse 

the formation of oligomers, the molecular weight of which is 

characteristic of a cationic reaction". 

To further add to the unpredictability of these reactions, 

French Patent No. 2611700 (Institut Francais du Petrole) describes a 
25 process for the oligomerization of olefins including Inter alia 

butene-1 and butene-2 using a nickel catalyst in the liquid phase; 

the catalyst used is specifically a nickel complex dissolved in an 

ionic liquid, the latter being the liquid phase. 

More recently, FR-A-2626572 describes a process for alkylation 
30 using as catalyst an ionic liquid comprising at least one halide of 

aluminium or boron and at least one quaternary ammonium halide. The 

quaternary ammonium halide can be a dialkyl imidazolium halide. 
From the above it will be clear that the function of ionic 

liquids in these reactions is far from predictable. Furthermore, 
35 none of the publications referred to above disclose ionic liquids 
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comprising alkyl substituted iroidazolium halides in which any ofthe 
alkyl substituents has more than 4 carbon atoms. 

It has now been found that ternary melts comprising a mixture 
of various quaternary ammonium halides and aluminium halides perform 
5 very well as ionic liquid catalysts. 

Accordingly, the present invention is an ionic liquid which 
comprises a ternary melt of: 

(a) a compound of the formula RnHX3.„ wherein R is a C1-C6 alkyl 
radical, M is aluminium or gallium, X is a haloger atom and n 

10 is 0, 1 or 2, 

(b) at least one of a hydrocarbyl substituted imidazolium halide 
and a hydrocarbyl substituted pyridinium halide, and 

(c) aat least one of hydrocc oyl substituted quaternary ammonium 
and a hydrocarbyl substituted phosphonium halide. 

15 The compound (a) in the ternary melt is suitably an aluminium 

halide or a gallium halide, such as aluminium trichloride or gallium 
trichloride, or, an alkyl aluminium/gallium halide such as an alkyl 
aluminium/gallium dihalide or a dialkyl aluminium/gallium halide, and 
is preferably ethyl aluminium/gallium dichloride. 

20 The component (b) in x.he ionic liquid is at least one of a 

hydrocarbyl substituted >rtida2olium halide and a hydrocarbyl 
substituted pyridinium h^.ide* These may be suitably selected from 
l-alkyl-3-alkyl imidazolium halides and 1-alkyl pyridinium halides. 
Specific examples of these compounds include the following: 1-methyl- 

25 3-ethyl imidazolium chloride, l-ethyl-3-butyl imidazolium chloride, 
l-methyl-3-butyl imidazolium chloride, l-methyl-3-butyl imidazolium 
bromide, l-methyl-3-propyl imidazolium chloride, l-methyl-3-hexyl 
imidazolium chloride, l-roethyl-3-octyl imidazolium chloride, 1- 
methyt-3-decyl imidazolium chloride, l-methyl-3-dodecyl imidazolium 

30 chloride, l-methyl-3-hexadecyl imidazolium chloride, l-roethyl-3- 
octadecyl imidazolium chloride, ethyl pyridinium bromide, ethyl 
pyridinium chloride, ethylene pyridinium dibromide, ethylene 
pyridinium dichloride, butyl pyridinium chloride and benzyl 
pyridinium bromide. 

35 As will be appreciated, in the case of a symmetrical molecule 
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such as a 1 , 3-disubstituted imidazolium halide, it would be possible 
to interchange the position of the substituents in the 1- and 3- 
positions or to have each of the substituents in the 1- and 3- 
positions with 5 or more carbon atoms in the alkyl group. 
5 Furthermore, it would also be possible to have the chloride ion in 
the compounds listed above interchanged with bromide or iodide ions 
to produce compounds which are equally effective as ionic liquids. 

A feature of the present invention is that where the chain 
length of at least one of the alkyl chains in the imidazolium halide, 

10 especially the alkyl chain in the 3-position, is greater than 4 

carbon atoms, the catalytic activity of ionic liquids comprising such 
halides is increased for polymerization reactions with respect to 
alkyl chains having 4 carbon atoms or less in that higher molecular 
weight products are obtained where this is desirable* The 

15 performance of such ionic liquids is particularly superior when the 
feedstock being polymerised is a raffinate I, raffinate II or 
isobutene. 

The component (c) in the ternary melts of the present invention 
is at least one of a hydrocarbyl-substituted quaternary ammonium 

20 halide and a hydrocarbyl-substituted phosphonium halide. Of the 

substituent groups in the ammonium halides at least one substituent 
is an alkyl group. The other substituents may be the same or 
different groups selected from hydrogen, alkyl, aryl, aralkyl and 
alkaryl groups. Similary, the hydrocarbyl substituted phosphonium 

25 halides contain at least one hydrocarbyl group- The other 

substituents may be the same or different groups selected from 
hydrogen^ alkyl, aryl, aralkyl and alkaryl groups. Specific examples 
of such compounds include Inter alia the tetra alkyl ammonium or 
phosphonium halides, especially those in which the alkyl group has 1- 

30 18 carbon atoms. 

The ternary melts of the present invention are suitably 
prepared by mixing the components in an atmosphere inert under the 
reaction conditions as described in our published EP-A-0558187 . It 
is preferable to purify each of the components in the melt prior to 

35 preparing the melt. Thus, aluminium trichloride can be purified by 
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repeated sublimations until the melt at the bottom of the sublimator 
is clear and the aluminium trichloride takes on a lustrous ^ shiny 
appearance; the hydrocarbyl substituted imidazolium or pyridinium 
halides can be purified by repeated recrystallisations from solutions 
5 thereof in a suitable solvent; and the hydrocarbyl substituted 
quaternary ammonium or phosphonium halide can be purified by 
dissolving the halide in a suitable solvent such as eg ethanol and 
precipitation of the halide from the ethanol solution by dilution 
with eg diethyl ether followed by filtration and drying in an inert 

10 atmosphere. 

Ionic liquids comprising the ternary melts of the present 
invention can be used in any of the reactions in which ionic liquids 
in general are capable of acting as a catalytic component. Thus for 
instance, the ionic liquids of the present invention can be used eg 

15 for alkylation and polymerisation reactions. 

Where these ionic liquids are used as catalysts for the 
alkylation reaction, this may be either the alky 1 -w ion of 
isoparaffins such as isobutane with a C2-C4 olefin such as eg 
ethylene, to produce alkylates which enhance the octane rating of 

20 fuels, or, for the alkylation of aromatics with an olefins such as eg 
the conversion of benzene to ethyl benzene with a view to producing 
styrene therefrom. The alkylation reaction is suitably carried out 
at a temperature of eg below 100*C, suitably from -30 to +50*C. The 
ratio of the catalytic ionic liquid phase to the hydrocarbon phase 

25 used for alkylation would largely depend upon the reactivity of the 
olefin and the acidity of the particular ionic liquids chosen* As a 
general guide the mole ratio of catalyst to olefins is suitably in 
the range from 1000 : 1 to 1 : 1000. In terms of the volume ratio of 
catalyst phase to hydrocarbon phase, this would suitably be in the 

30 range from in the range from 100 ; 1 to I ; 100, and more preferably 
from 20 : 1 to 1 : 20. 

Where an iso**paraf f in is being alkylated with an olefin, the 
ratio of iso-paraf f ins to olefin is suitably in the range from 1000 : 
1 to 1 : 1000 

35 Thus, according to a further embodiment, the present invention 
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is a process for the polymerization of an olefinic feedstock 
comprising one or more of C2-C4 olefins, said process comprising 
bringing the feedstock into contact with an ionic liquid comprising a 
ternary melt of: 

5 (a) a compound of the formula Rn^^3-n wherein R is a C1-C6 alkyl 
radical, M is aluminium or gallium, X is a halogen atom and n 
is 0, 1 or 2f 

(b) at least one of a hydrocarbyl substituted iraidazolium halide 
and a hydrocarbyl substituted pyridinium halide, and 
10 (c) at least one of a hydrocarbyl substituted quaternary ammonium 
and a hydrocarbyl substituted phosphoniuro halide 
such that the melting point of the ionic liquid is below the reaction 
temperature. 

The components (a), (b) and (c) can be the same and have the 
same characteristics as those described above in respect of the 
ternary melts of the present invention described above. 

The polymerization products referred to herein are meant to 
include: 

i. oligomers which are conventionally defined as "a very low 
molecular weight polymer in which the number of repeating units 
equals 2-10" (see Polymer Chemistry, An Introduction by R B Seymour 
and c E Carraher, 2nd Edition, 1988, p 14, and published by Marcel 
Dekker Inc), and 

ii. polymers which have at least 11 repeating units, ie an average 
25 molecular weight of 600 to 100,000. 

The hydrocarbon feedstock for this process is suitably 
ethylene, propylene, butene-1, butene-2 and/or isobutene but is 
preferably a raffinate from the refining process and can be raffinate 
I or raffinate II. 

Raffinate I is usually the butadiene raffinate which is a by- 
product formed during the thermal or catalytic cracking (whether or 
not fluid) operation in a refinery and principally comprises C4 
hydrocarbons especially a mixture of butene-1, butene-2 and iso- 
butene along with some saturated hydrocarbons. More specifically, 
such raffinate I comprises at least 10% w/w of iso-butene, from 20- 
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40% w/w of butene-1 and butene-2r and from 10-20% w/w of butanes. 

Raffinate II is the unpolymerised by-products recoverable when 
Raffinate I is subjected to polymerization using eg Lewis acid 
catalysts or the by-product gases resulting from the production of 
5 the lead- free ant i -knock compound, methyl tertiary butyl ether 

(MTBE). In both processes the by-products have substantially the 
same composition and are rich in n-butenes. These by-products are 
the so called "raffinate II** and typically contain from 30-55% w/w of 
butene-1, about 10% w/w of cis-butene-2, about 17% w/w of trans- 
10 butene-2, upto 6% w/w of iso-butene and upto 30% w/w of the 

saturated C4 hydrocarbons n-butane and iso-butane. Since raffinate 
II, an otherwise wasted material, is capable of being cationically 
polymerized to polybutenes, its value as raw material is readily 
apparenr . 

15 The relative ratios of the two components (a), (b) and (c) in 

th^ „onic liquid should be such that they are capable of remaining in 
thfc liquid state under the red.: lion conditions. Typically, the 
relative mole ratio of compound (a) to the components [(b) + (c)] in 
the ionic liquid is suitably in the range from 1 : 2 to 3.0 : 1, 

20 preferably from 1.5 : 1 to 2 : 1. Within this range, where the ionic 
liquid is intended for use as a reaction medium or a so.lvent, the 
amount of the component (a) can be less than 50 mole % of the total 
ionic liquid. However, where ths ionic liquid is intended for use as 
a catalyst, the amount of component (a) is preferably gres r;r than 50 

25 mole % of the total ionic liquid. The relative mole ratios of (b) t 
(c) is suitably in the range from 0.01 : 1 bearing in mind that 
within this range the ratios chosen sh^ald be such that the resultant 
ionic liquid should be a liquid at room temperature. 

The polymerization reaction is suitably carried out at a 

30 temperature from -50°C to +100^*0, preferably from -30**C xo +70*»C. The 
reaction can be carried out either: 

(i) by bubbling the oiefinic hydrocarbon feedstock co be 
polymerized through the ionic liquid, or, 

(ii) by dispersing the ionic liquid in appropriate concentration 
35 into the oiefinic hydrocarbon feedstock to be polymerized and 
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then subjecting such a dispersion to polymerization. 
In the case of (i), the rate at which the olefinic hydrocarbon 
feedstock is to be bubbled and in the case of (ii), the amount of 
ionic liquid mixed with the feedstock and, in both cases the reaction 
S temperature used will depend upon the molecular weight of the product 
desired. Normally in this type of reaction one would expect that the 
higher the temperature used, the lower the molecular weight of the 
polymer formed- 

Irrespective of the nature of the reaction in which such ionic 
10 liquids are used as catalysts, eg oligomerization , polymerisation, 
alkylation or isomer isat ion, the reaction pressures used should be 
such that the components of the ionic liquid remain in the liquid 
phase during the reaction - 

It has now been found that, surprisingly, when any of the 
15 processes, especially oligomer izat ion, polymerisation or alkylation 
is used, the reaction product forms a separate phase from the ionic 
liquid. This product phase is substantially free of any catalyst or 
ionic liquid contaminants. The product can thus be readily 
separated from the ionic liquid eg by tapping. This feature has 
20 several advantages: 

A. Ease of separation of the product polymer from the catalytic 
component means that further undesirable reactions eg of the olefinic 
end-group in the polymer, such as eg isomerization, is minimised 
thereby retaining the structure of the polymer formed. This also 

25 means that such further undesirable reactions are avoided without 

resort to the use of conventional reaction quenching agents such as 
aqueous alkali. 

B. The product formed need not be water-washed because of the 
relatively low levels of the catalytic ionic liquid in the product 

30 thereby avoiding a process step. 

C. The ease of separation of the product from the ionic liquid 
catalyst means that the catalyst can be recycled and thereby reduces 
operational costs. 

If process (ii) is used, it may be necessary to add a quenchant 
35 such as aqueous ammonia in order to terminate the reaction and/or to 
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neutralise any catalytic components. The products can then be water- 
washed and the product polymer separated. In this case, the 
unreacted material can be allowed to evaporate and the dried product 
isolated* 

5 A further feature of the present invention is that this method 

enables a much higher percentage of n-*butenes to be incorporated in 
the product polymer than would be possible in conventional cationic 
polymerization processes using eg aluminium^ trichloride or boron 
trif luoride. 

10 Yet another surprising feature of the present process is that 

contrary to expectations, the molecular weight of the polymer product 
does not increase with decre^^sing temperatures* In spite of using 
reaction temperatures which are substantially higher than those used 
in the prior art, the present process gives rise to polymers which 

15 have a higher molecular weight than the oligomers formed by said 
prior art processes. 

These surprising features give a very desirable outlet for 
relatively low value feedstocks such as raffinates I and II at the 
same time making maximum use of the reactive carbon values in that 

20 feedstock and hen::e reducir.:: the wastage of any hydrocarbon values in 
such feedstock. 

The polymer products produced by the process of the present 
invention can be used eg as lubricants or cutting fluids in the 
industry without further treatment. Alternatively , these polymers 

25 can be maleinised and converted to corresponding succinic anhydride 
derivatives which in turn can be converted into the corresponding 
imide which is a detergent for lube oils and fuels. 

The present invention is further illustrated with reference to 
the following Examples. In Tables below, the intensity referred to 

30 is the peak height which corresponds to the number of protons in that 
position. In t/. '.s respect the notatic. very strong, strong, medium 
and weak represent the following range of peak intensities (I/Io): 
very strong - 80-100 

strong - 60-80 

35 medium - 40-60 
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weak 



20-40 



very weak 
8 (ppm) 



chemical shift in partis per million 



<20 



5 EXAMPLE l! 

A. pM?ri,fication of aluminium trichloride: 

In an inert-atmosphere box, anhydrous aluminium trichloride 
(ca* 200 g) was placed in a sublimator with sodium chloride (2 g) and 
powdered aluminium (1 g). The aparatus was transferred to a vacuum 

10 line where the mixture was heated in vacuo in a silicone oil-bath, to 
150°C. The aluminium trichloride was left to sublime until ca. 10% 
of it remained at the bottom of the sublimator together with the 
molten NaCl and impurities. After cooling, the apparatus was placed 
back into the inert-atmosphere box where the sublimed AICI3 was 

15 removed by scraping and then placed again into a clean apparatus with 
NaCl (2 g) for re-sublimation. (Powdered aluminium was utilized in 
the first sublimation only, to remove iron impurities). Five 
successive sublimations were carried out until the melt observed at 
the bottom of the sublimator was clear and the AICI3 took on a 

20 lustrous, shiny appearance. 

B- Preparation of l-ethvl-3-methvlimidazolium chloride; 

The preparation was carried out in a fume cupboard. The 
apparatus comprised a round-bottomed' flask provided with an 
additional funnel and was adapated to be heated to elevated 

25 temperature- The apparatus was purged clean with nitrogen and the 
reaction was carried out under nitrogen. 1-Methylimidazole (300 ml), 
which had previously been distilled in vacuo over KOH, was placed in 
the flask under nitrogen. Acetonitrile (ca. 150 ml, distilled over 
CaH2) was then added to the flask. The mixture was then heated 

30 slowly in small increments until the internal temperature of the 
flask was 68*'C and then allowed to stabilize for one day. The 
nitrogen purge was then replaced with a stream of ethyl chloride 
which was administered through a flow meter at the rate of 2 dm^ 
ethyl chloride per hour for two days. Thereafter, the flow of ethyl 

35 chloride was reduced to 1 dm^ per hour and maintained at this rate 
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for a further three days. After this duration^ a solution 
containing the desired product was removed from the flask whilst 
still hot by cannula and this solution was extracted with ethyl 
acetate and small white crystals of l-ethyl-3-methylimidazolium 
5 chloride were recovered from the extract. Further purification was 
carried out by recryetallisation from aliquots of ethyl ethanoate* 
c. Purification of tetra-ethvlammonium chloride; 

Tetra-ethylammoniuro chloride (100 g) was dissolved in ethanol 
(150 ml). Diethyl ether was then added to this solution until tetra- 

10 ethylammonium chloride started to precipitate. The solution was 
cooled to -13*^0 and left at this temperature overnight. The 
resulting crystals were filtered under dry nitrogen and then heated 
in a Schlenk round bottomed flask to 100**C under vacuum for 48 hours. 
The resulting solid was then transferred to a dry box ready to use. 

15 D. Preparation of Ternary melt; 

Crystalline l-ethyl-3-methylimidazolium chloride was melted jua 
vacuo and poured into an aluminium foil "boat" under an" ine^t 
atmosphere and then allowed to soldify therein. The solid so formed 
was then broken into large lumps. These lujr^ps were then reacted 

20 with lumps of tetraethyl ammonium chloride and aluminium trichloride 
in varying quantities and under conditions shown in the Table 1 below 
to prepare six different batches (Batch Nos. 1-6) of acidic and basic 
melts « Lumps were used instead of powders to prevent charring of 
the melt during heating. 

25 TABLE \ 



Batch 
No. 


[Et4N)Cl (g) 


[MeEtimJCl (g) 


AICI3 


Ternary 
Melt (g) 


AICI3 
(Moles) 


1 


0.8922 (23.333%) 


0.3936 (11.66%) 


2.0 


3.287 


0.65 


2 


0.6958 (17.5%) 


0.5922 (17.5%) 


2.0 


3.288 


0.65 


3 


1,2428 (40^.) 


0.5498 (20%) 


1.0 


2.793 


0.40 


4 


0.6214 [20%) 


1.0996 (40%) 


1.0 


2.721 


0.40 


5 


0.3107 (10%) 


1.3745 (50%) 


1.0 


2.680 


0.40 


6 


0.1553 (5%) 


1.512 (55%) 


1.0 


2.667 


0.40 ( 



[Et^NJCl is tetra-ethylammonium chloride 
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(MeEtimJCl is l-ethyl-3-methylimidazolium chloride 
Ternary melt is (Et4N]Cl/ (MeEtim]Cl/AlCl3 

The ternary melts were characterised using NMR spectroscopy 
by placing the neat ionic liquid in a 4mm diameter NMR tube In vacuo. 
5 No solvent was used for the analysis. The results of the analysis 
are tabulated in Tables 2 (standard melt) 3 and 4 (ternary melt) 
below: 

TABLE 2 

■^H NMR of Standard Binary C ^/C 2 Melt for Comoay ison 

10 



8(ppm) 


Intensity (I/Io) 


Type 


1.0 


strong 


triplet 


3.4 


very strong 


triplet 


3.8 


medium 


doublet 


6.9 


medium 


doublet 


7.8 


medium 


singlet 



JABLB 3 

1h NMR of Ternary Melt f65% AlCl ^. 23.3% rEt^NICl n 11.7% fM^BtialCl^ 



^(PPm) 


Intensity (I/lo) 


2ZES 


0.7 


very strong 


singlet 


1.0 


weak 


singlet 


2,6 


very strong 


singlet 


3.3 


medium 


singlet 


3.7 


wea)c 


doublet 


4.6 


very weak 


singlet 


6.8 


very weak 


doublet 


7.8 


very weak 


singlet 



[Et4N]Cl - tetra ethyl ammonium chloride 
{MeEtimJCl - l-ethyl-3-methyl imidazolium chloride 
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TABLE 4 

Ah NMR of Ternary Melt M0% AlCl-*. 15% fEtii 


WlCl & 45% fMeEtimlClJ 




Intensity (I/Xo) 


Type* 


1.0 


very strong 


singlet 


2.8 


very weak 


singlet 


3.5 


very strong 


singlet 


3.8 


strong 


singlet 


7.4 


medium 


singlet 


9.2 


weak 


singlet 



* all peaks were broad peaks 



[Et4N)Cl - tetraethyl ammonium chloride 
tMeEtimjCl - l-ethyl-3-methyl-imidazoliur. .*hloride 
EXAMPLE 2t 

An ionic liquid was prepared in an inert atmosphere glove box 
consisting of three components, ie tetraethyl ammonium chloride 
(2.96g), l~ethyl-3-methyl imidazolium chloride (9.17g) and aluminium 
trichloride (22.33g) in a mole ratio of 0.08 : 0.25 : 0.67 by the 
process described in our published EP-A-05581B7 . 5rol of the ternary 
melt ionic liquid so formed was dispersed into 200g of raffinate I 
feedstock (having an olefinic composition shown in Table 5 below] in 
750 ml of heptane with stirring at atmospsheric pressure and at 10**C 
for a duration of 180 minutes. The reaction was exothermic but a 
temperature rise of no greater than 10^*0 was observed during the 
reaction period. The yield of the polymer product was 68.5% wt/wt 
based on the weight of olefin present, ie 114.95 g of polymer product 
was obtained from 167. 9g of olefin. The number average molecular 
weight of the polymer, Mn, was 1000. 

TABLE 5 



Raffinate I Feedstock Olefin 


% wt/wt Concentration 


Iso-butene 


46.0 


Butene-1 


25.0 


Trans-butene-2 


8.2 


Cis-butene-2 


2.8 


Saturated hydrocarbons 


remaind?;- 
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Comparative Test not according to the invention; 

For comparison, an ionic liquid was prepared according to the 
process of Example 1 above but now consisting of l-ethyl-3-methyl- 
imidazolium chloride (12.2g) and aluminium trichloride (22. 3g). The 
S components were present in the same mole ratio (A) : (b) of 2:1 and 
the polymerisation of raffinate I of the composition in Table 4 above 
was carried out in an identical fashion to that in Example 2 above. 
The yield of the polymer product in this case was 71. 3g (42.5% w/w on 
olefin in the feed) and the number average molecular weight of the 
10 polymer, Mn, was 1000, ie the same as of the polymer in Example 2 
above • 

These results demonstrate that the use of a ternary melt ionic 
liquid as catalyst increases the rate of polymerisation of the 
monomer from 42.5% w/w of olefin fed (Comparative test) to 68.5% w/w 
15 of olefin (according to the invention). 



20 



25 



30 



35 



wo 95/21872 



15 



PCT/GB95/002S3 



Claims : 

1. An ionic liquid comprising a ternary melt of 

(a) a compound of the formula R^MX3.j^ wherein R is a C1-C6 alkyl 
radical, H is aluminium or gallium, X is a halogen atom and n 
is 0, 1 or 2, 

5 (b) at least one of a hydrocarbyl substituted imidazoll\im halide 
and a hydrocarbyl substituted pyridinium halide, and 
(c) at least one of a hydrocarbyl substituted quaternary ammonium 
and a hydrocarbyl substituted phosphonium halide. 

2. An ionic liquid according to Claim 1 wherein the compound (a) 
10 is aluminium trichloride, galliixm trichloride or ethyl aluminium 

dichloride . 

3. An ionic liquid according to Claim 1 or 2 wherein the 
hydrocarbyl imidazolium halide is a 1,3-dialliyl imidazolium halide. 

4. An ionic liquid according to Claim 3 wherein at least one of 
15 the alkyl groups in the hydrocarbyl substituted imidazolium halide 

has more than 4 carbon atoms. 

5. An ionic liquid according to any one of the preceding Claims 1- 
4 wherein the hydrocarbyl imidazolium halide is selected from the 
group consisting of: l-methyl-3rethyl imidazolium chloride, 1-ethyl- 

20 3 -butyl imidazolixim chloride, 1 -methyl -3 -butyl imidazolium chloride, 
l-methyl-3-butyl imidazolium bromide, 1 -methyl -3 -propyl imidazolium 
chloride, l-methyl-3-hexyl imidazolium chloride, 1 -methyl- 3- octyl 
imidazolium chloride, 1 -methyl- 3 -decyl imidazolium chloride, 1- 
methyl- 3 -dodecyl imidazolium chloride, 1 -methyl- 3 -hexadecyl 

25 imidazolium chloride and l-methyl-3-octadecyl imidazolium chloride. 
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6. An ionic liquid according to Claim 1 or 2 wherein the 
hydrocarbyl pyridinium halide is 1-alkyl pyridinium halide. 

7. An ionic liquid according to Claim 1, 2 or 6 wherein the 
hydrocarbyl pyridinium halide is selected from the group consisting 

5 of: ethyl pyridinium bromide, ethyl pyridinium chloride, ethylene 
pyridinium dibromide, ethylene pyridinium dichloride, butyl 
pyridinium chloride and benzyl pyridinium bromide. 

8. An ionic liquid according to any one of the preceding Claims 
wherein the component (c) in the ternary melt is at least one of a 

10 tetraalkyl ammonium halide and a tetraalkyl phosphonium halide 

9. An ionic liquid according to Claim 8 wherein the component (c) 
in the ternary melt has 1-18 carbon atoms in each alkyl group. 

10. A process for the conversion of olefinic hydrocarbons said 
process being selected from the group consisting of oligomer izat ion, 
alkylation and polymerization in the presence of an ionic liquid 
catalyst which has melting point below the process temperature, 
wherein the ionic liquid comprises (a) an aluminium halide or a 
gallium halide, (b) at least one of a hydrocarbyl substituted 
imidazolium halide and a hydrocarbyl substituted phosphonium halide 
and (c) at least one of a hydrocarbyl substituted quaternary ammonium 
and a hydrocarbyl substituted phosphonium halide ^according to any one 
of the preceding Claims 1-9. 

11. A process according to Claim 10 said process comprising 
polymerization of an olefinic hydrocarbon feedstock comprising one or 

25 more of C2-'C4 olefins. 

12. A process according to Claim 11 wherein the relative mole 
ratios of components (a), (b) and (c) in the ionic liquid catalyst 
are such that (a) : [ (b) + (c)] is in the range from 1 : 2 to 3 : 1 
and (b) : (c) is in the range from 0.01:1 and wherein said catalyst 
has a melting point below the process temperature. 

13. A process according to any one of the preceding Claims 10-12 
wherein the olefinic hydrocarbon feedstock for polymerization 
comprises ethylene, propylene, butene-1, butene-2 and/or isobutene. 

14. A process according to any one of the preceding Claims 10-13 
wherein the olefinic hydrocarbon feedstock is a raffinate from a 



20 



30 
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refinery process selected from raffinate I or raffinate XI, 
15. A process according to any one of the preceding Claims 11-14 
wherein the polymerization reaction is carried out at a temperature 
from -50°C to +100*'C. 
5 16. A process according to any one of the preceding Claims 11-15 
wherein the reaction is carried out either: 

(i) by bubbling the olefinic hydrocarbon feedstock to be 
polymerized through the ionic liquid, or, 

(ii) by dispersing the ionic liquid in appropriate concentration 
10 into the olefinic hydrocarbon feedstock to be polymerized and 

then subjecting such a dispersion to polymerization. 
17. A process according to Claim 10 wherein olefinic hydrocarbon is 
used for alky lat ion of paraffins, isoparaffins or aromatics to form 
alkylates. 

15 18. A process according to Claim 17 wherein the alkylation reaction 
is that of alkylating aromatics and is carried out at a temperature 
of eg below 100°C, suitably from -30 to +50°C. 

19. A process according to Claim 21 wherein the mole ratio of the 
ionic liquid to the olefinic hydrocarbon used for alkylation is in 

20 the range from 1000 : 1 to 1 : 1000. 

20. A process according to any one of the preceding Claims 17-*19 
wherein the aromatic hydrocarbon alkylated is benzene or toluene. 

21. A process according to Claim 17 wherein during the alkylation 
of an iso-paraf f in, the mole ratio of iso-paraf f ins to olefin is in 

25 the range from 1000 : 1 to 1 ; 1000. 
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ANTISTATIC CERAMER HARDCOAT COMPOSITION 
WITH IMPROVED ANTISTATIC CHARACTERISTICS 

5 FIELD OF THE INVENTION 

This invention relates to an antistatic protective coating and method for 
making the same. More particularly, the invention relates to an antistatic 
protective coating incorporating negatively charged inorganic oxide particles, a sah 
of a perfluorinated anion, and a surfactant. 

10 

BACKGROUND OF THE INVENTION 
Thermoplastic and thermosetting polymers are used to form a wide variety 
of structures for which optical clarity, i,e., good light transmittance, is a desired 
characteristic. Examples of such structures include camera lenses, eyeglass lenses, 

15 binocular lenses, retroreflective sheeting, automobile windows, building windows, 
train windows, boat windows, au*craft windows, vehicle headlamps and taillights, 
display cases, eyeglasses, watercraft hulls, road pavement markings, overhead 
projectors, stereo cabinet doors, stereo covers, furniture, bus station plastic, 
television screens, computer screens, watch covers, instrument gauge covers, 

20 optical and magneto-optical recording disks, and the like. Examples of polymer 
materials used to form these structures include thermosetting or thermoplastic 
polycarbonate, poly(meth)acrylate, polyurethane, polyester, polyamide, polyimide, 
phenoxy, phenolic resin, cellulosic resin, polystyrene, styrene copolymer, epoxy, 
and the like. 

25 Many of these thermoplastic and thermosetting polymers have excellent 

rigidity, dimensional stability, transparency, and impact resistance, but 
unfortunately have poor abrasion resistance. Consequently, structures formed from 
these materials are susceptible to scratches, abrasion, and similar damage. 

To protect these structures from physical damage, a tough, abrasion 

30 resistant "hardcoat" layer may be coated onto the structure. Many previously 



-1- 
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known hardcoat layers have been foimed from radiation curable prepolymers such 
as (meth)acrylate functional monomers. Such hardcoat compositions have been 
described, for example, in Japanese patent publication JP02-260145, U.S. Pat. Nos. 
5,541,049, and 5,176,943. One particularly excellent hardcoat composition is 
5 described in WO 96/36669 Al . This publication describes a hardcoat formed from 
a "ceramer" used, in one application, to protect the surfaces of retroreflective 
sheeting from abrasion. As defined in this publication, a ceramer is a composite 
(preferably transparent) having inorganic oxide particles, e.g., silica, of nanometer 
dimensions dispersed in a crosslinkable mixture. 
10 Thermoplastic polymers and thermosetting polymers, as well as hardcoats 

formed from such polymers, are poor electrical conductors. As a consequence, 
static charge can build-up on structures and coatings formed from these materials. 
Static charge attracts dust, which impairs optical clarity and appearance. Even the 
ceramer hardcoat compositions of WO 96/36669 Al are susceptible to static charge 
15 build up. It has been desirable, therefore, to use antistatic agents to help prevent 
and/or dissipate static charges. 

There are two common approaches for using antistatic agents with a 
hardcoat. One approach involves coating an antistatic agent directly onto the 
hardcoat layer. This approach, however, generally does not provide long-lasting 
20 antistatic protection in that such coatings tend to be easy to wipe or wear away. 
Another approach involves pre-mixing antistatic agents with the uncured hardcoat 
composition before the hardcoat is coated onto its substrate and cured. Generally, 
effective antistatic agents incorporated into hardcoat compositions have included 
one or more components in which at least one of the components is ionic. For 
25 example, U.S. Pat. No. 5,176,943 describes an antistatic agent including a 
combination of ionic and nonionic perfluorinated compounds. 

Unfortunately, ceramers tend to be incompatible with many ionic 
compounds, including ionic antistatic compounds. The incompatibility arises from 
the preferred way in which ceramers are formed. Many ceramers are derived from 
30 aqueous sols of inorganic colloids in which the colloids are extremely charge 
sensitive. Adding ionic ingredients to such sols tends to destabilize the colloids. 
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causing the colloids to flocculate and precipitate out of the dispersion. 
Flocculation is not conducive to forming high quality antistatic coatings. Firstly, 
flocculation results in local accumulations of particles, and these accumulations are 
large enough to scatter light. This detracts from optical clarity. Additionally, the 
5 accumulations of particles may cause nibs and/or other defects in the resultant 
coatings. Abrasion resistance may also be impaired. It would be desirable, 
therefore, to provide an approach in which antistatic agents could be incorporated 
into ceramer hardcoat compositions without causing the inorganic colloids to 
flocculate. 

10 Relative humidity (RH) can affect the performance of antistatic coatings. 

For example, some antistatic systems might perform adequately at relatively high 
relative humidity, e.g. RH > 40%, yet perfonn dismally at relatively low relative 
humidity, e.g., RH < 40%. Accordingly, there is also a need for antistatic systems 
that retain antistatic properties over wider ranges of relative humidity, particularly 

1 5 for conditions below 40% RH. 

SUMMARY OF THE INVENTION 
The present invention relates to an approach for improving the 
compatibility of antistatic agents and ceramer hardcoats so that such hardcoats can 

20 be provided with excellent antistatic characteristics. In particular, it has been 
discovered that the antistatic agents of this invention can be combined with 
aqueous sols of surface treated, colloidal inorganic oxide particles having a 
negative surface charge without destabilizing the negatively charged colloids. It 
has further been discovered that the combination of the antistatic agent and 

25 negatively charged, surface treated colloids of this invention interspersed in a cured 
ceramer matrix xmexpectedly provides dramatic improvements in antistatic 
protection. The antistatic approach of this invention also provides excellent 
antistatic protection over a wide range of relative humidity, including conditions in 
which RH is below 40%, especially at 15% to 40% RH, preferably 20% to 40% 

30 RH. 
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In one aspect, the present invention relates to a cured, anti-static ceramer 
coating, comprising: 

(a) a polymeric matrix; 

(b) a plurality of surface treated, colloidal, inorganic oxide particles 
5 interspersed in the polymeric matrix, wherein the colloidal inorganic oxide 

particles have a negative surface charge; 

(c) an antistatic amount of an antistatic agent dispersed in the polymeric 
matrix, wherein the antistatic agent comprises a perfluorinated anion having at 
least one perfluorinated moiety; and 

10 (d) an amoimt of a nonionic surfactant effective to bias the 

perfluorinated moiety to migrate to a surface of the polymeric matrix. 

In another aspect, the present invention relates to a substrate bearing an 
antistatic ceramer coating of the type described above. 

In another aspect, the present invention relates to a coatable, mdiation 
1 S curable, antistatic, ceramer composition comprising: 

(a) a curable binder component w^ich is preferably a plurality of 
copolymerizable, free radically curable monomers and/or one or more silane 
monomers; 

(b) a plurality of surface treated, colloidal, inorganic oxide particles 
20 having a negative surface charge; 

(c) an antistatic amovint of an antistatic agent, wherein the antistatic 
agent comprises a salt of a perfluorinated anion having at least one perfluorinated 
moiety; and 

(d) an amoimt of a nonionic surfactant effective to bias the 
25 perfluorinated moiety to migrate to a surface of the composition. 

In another aspect, the present invention relates to a method of providing a 
polymeric substrate with a protective, cured, antistatic ceramer coating comprising 
the steps of: 

(a) coating an admixture onto the polymeric substrate, wherein the 
30 admixture is a coatable ceramer composition comprising a plurality of surface 
treated, colloidal, inorganic oxide particles having a negative surface charge, a 
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curable binder component which is preferably a plurality of copolymerizable, free 
radically curable monomers and/or one or more silane monomers, an antistatic 
amount of a perfluorinated anion having at least one perfluorinated moiety, and an 
amount of a nonionic surfactant effective to bias the perfluorinated moiety to 
5 migrate to a surface of the admixture; and 

(b) curing the curable binder component. 

As used herein with respect to the present invention, the following shall 

apply: 

"SoF" shall refer to a colloidal dispersion of substantially non-aggregated, 
1 0 inorganic oxide pardcles in a liquid medium; 

"Ceramer composition" shall refer to a coatable dispersion comprising 
substantially non«aggregated, colloidal inorganic oxide particles dispersed in a 
curable binder composition, wherein curing of the binder is understood to mean in 
a broad sense the process of solidification (hardening) of the binder brought about 
15 by a suitable approach such as cooling of a molten thermoplastic material, drying 
of a solvent-containing composition, chemical crosslinking of a thermosetting 
composition, radiation curing of a radiation curable composition, or the like; 

"'Ceramer coating" shall refer to a coating of a ceramer composition in 
which the curable composition is cured to form a solid, substantially non-flowing 
20 material; and 

"Curable" shall mean that a coatable material can be transformed into a 
solid, substantially non-flowing material by means of cooling {to solidity hot 
melts), heating (to dry and solidify materials in a solvent), chemical crosslinking, 
radiation crosslinking, or the like. 

25 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The embodiments of the present invention described below are not intended 

to be exhaustive or to limit the invention to the precise forms disclosed in the 

30 following detailed description. Rather the embodiments are chosen and described 
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SO that others skilled in the art may appreciate and understand the principles and 
practices of the present invention. 

One preferred antistatic ceramer coating embodiment of the present 
invention is prepared from a ceramer composition comprising a curable binder 

5 component; a plurality of inorganic oxide particles; an antistatic agent which is a 
salt of a perfluorinated anion; and a nonionic surfactant, each of which will be 
described in more detail below. A wide range of amounts of these materials may 
be incorporated into the composition with beneficial results. As one example of a 
formulation suitable for forming tough, abrasion resistant, impact resistant, 

10 optically clear, antistatic, protective, ceramer coatings, the ceramer composition 
may include about 100 parts by weight of the curable binder component, about 10 
to SO parts by weight of the surface treated inorganic oxide particles, about 0.1 to 
about 10 parts by weight of the antistatic agent, and about 0.1 to about 10 parts by 
weight of the nonionic surfactant. More preferably, the composition includes about 

15 100 parts by weight of the curable binder component, about 25 to 40 parts by 
weight of the surface treated inorganic oxide particles, about 0.5 to about 5 parts by 
weight of the antistatic agent, and about 0.5 to about 5 parts by weight of the 
nonionic surfactant. 

As one option, the curable binder component can be selected from any 

20 curable thermoplastic or thermosetting polymer such as a polyurethane, 
polycarbonate, polyester, polyamide, polyimide, phenoxy, phenolic resin, 
cellulosic resin, polystyrene, styrene copolymer, poly(meth)acrylate, epoxy, 
silicone resin, combination of these, and the like. As another option, the curable 
binder component can be in the form of prepolymeric materials vAdch can be 

25 copolymerized or homopolymerized in situ after the composition has been coated 
onto a substrate. 

As one example of an approach using prepolymeric materials, the curable 
binder component may comprise one or more partially hydrolyzed 
organofunctional silane monomers. Such partially hydrolyzed organofunctional 
30 silane monomers generally are capable of crosslinking upon drying and heating to 
form a polymeric siloxane-type matrix. 
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A wide variety of organofunctional silane monomers may be used in the 
practice of the present invention. Representative examples include methyl 
trimethoxysilane, methyl triethoxysilane, phenyl trimethoxysilane, phenyl 
triethoxysilane, a silyl (meth)acrylate, (meth)acryloxyalkyl trimethoxysilane, 

5 (meth)acryloxyalkyl trichlorosilane, phenyl trichlorosilane, vinyl trimethoxysilane, 
vinyl triethoxysilane, propyl trimethoxysilane, propyl triethoxysilane, 
glycidoxyalkyl trimethoxysilane, glycidoxyalkyl triethoxysilane, glycidoxyalkyl 
trichlorosilane, perfluoro alkyl trialkoxysilane, perfluoromethyl alkyl 
trialkoxysilane, perfluoroalkyl trichlorosilane, combinations of these, and the like. 

10 In those embodiments of the invention in which the inorganic oxide particles are 
surface treated with a silane coupling agent (as will be described below), such 
coupling agent may be the same or different from the silane monomers used to 
form the polymeric matrix. 

As another example of an approach using prepolymeric materials, the 

15 curable binder component comprises one or more free radically curable monomers, 
oligomers, polymers, or combinations of these having pendant free radically 
curable functionality which allows the materials to polymerize and/or crosslink 
using thermal energy or another source of curing radiation such as electron beam 
radiation, ultraviolet radiation, visible light, and the like. Preferred free radically 

20 curable monomers, oligomers, and/or polymers each include one or more 
free-radically polymerizable, carbon-carbon double bonds such that the average 
frinctionality of such materials is greater than one free-radically carbon-carbon 
double bond per molecule. Material having such moieties are capable of 
copolymerization and/or crosslinking with each other via such carbon-carbon 

25 double bond functionality. 

Generally, the term "monomer" as used herein refers to a single, one unit 
molecule capable of combination with itself or other monomers to form oligomers 
or polymers. The term "oligomer" refers to a compoimd that is a combination of 2 
to 20 monomers. The term "polymer" refers to a compoimd that is a combination 

30 of 2 1 or more monomers. 
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Generally, compositions including oligomeric and/or polymeric free 
radically curable materials tend to have higher viscosities than compositions 
including only free radically curable monomers. Accordingly, in applications 
involving techniques such as spin coating or the like in which it is desirable for the 
5 composition to have a low viscosity, e.g., a viscosity of less than 200 centipoise 
measured at 25°C using a Brookfield viscometer with any suitable spindle operated 
at a spmdle speed in the range from 20 to 50 rpm, it is preferred that at least 50%, 
by weight, more preferably substantially all, of the prepolymers are fi«e radically 
curable monomers. 

10 Free radically curable monomers suitable in the practice of the present 

invention are preferably selected from combinations of mono, di, tri, tetra, penta, 
and hexaftmctional free radically curable monomers. Various amounts of the 
mono, di, tri, tetra, penta, and hexafimctional free radically curable monomers may 
be incorporated into the present invention, depending upon the desired properties 

15 of the final coating. For example, in order to provide coatings with higher levels of 
abrasion and impact resistance, it is desirable for the composition to include one or 
more multifunctional free radically curable monomers, preferably at least both di 
and tri functional free radically curable monomers, such that the free radically 
curable monomers incorporated into the composition have an average free radically 

20 curable functionality per molecule of greater than 1. Preferred compositions of the 
present invention may include 1 to 35 parts by weight of monofunctional free 
radically curable monomers, 0 to 75 parts by weight of difunctional free radically 
curable monomers, 1 to 75 parts by weight of trifimctional free radically curable 
monomers, 0 to 75 parts by weight of tetrafunctional free radically curable 
25 monomers, 0 to 75 parts by weight of pentafunctional free radically curable 
monomers, and 0 to 75 parts by weight of hexaftmctional free radically curable 
monomers, subject to the proviso that the free radically curable monomers have an 
average functionality of greater than 1, preferably 1.1 to 4, more preferably 1.5 to 
3. 

30 One representative class of monofunctional free radically curable 

monomers suitable in the practice of the present invention includes compounds in 

-8- 



